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Abstract
Introduction: Pericardial tamponade after cardiac surgery is a critical diagnosis that can be
difficult to diagnose using conventional cardiac monitoring. Transesophageal echocardiography
can provide comprehensive information to make the diagnosis but is not always available,
whereas a transthoracic echocardiography has its utility limited because of the body habitus or
other surgical effects. New monitoring devices, miniaturized hemodynamic transesophageal
echocardiography (hTEE), which allows point of care assessment of cardiac filling and functions,
may aid in diagnosis of post-cardiotomy tamponade.
Methods: From May 2011 to July 2013, 21 patients underwent hTEE to rule out pericardial
tamponade for clinical suspicion of tamponade following open-heart surgery. The hTEE images
were reviewed and the patient outcomes were analyzed.
Results: Nine patients showed no evidence of pericardial collection and did not require reexploration. Two patients showed a presence of small hematoma without ventricular
compression, and also did not undergo exploration. Ten patients were positive for pericardial
tamponade (effusion or hematoma with ventricular compression); 8 of these cases underwent
emergent surgical exploration. Of the 2 patients who did not undergo immediate re-operation,
one was managed by chest tube manipulation; the other patient underwent subsequent surgical
exploration after his extensive coagulopathy was corrected by medical treatment.
Conclusions: The diagnosis of pericardial tamponade post cardiotomy is feasible using a
disposable hTEE based on our limited experience. We avoided unnecessary explorations while
concomitantly made prompt diagnosis in emergent situations. The hTEE device was a valuable
tool in hemodynamic management in the intensive care unit, allowing rapid evaluations. Word
Count of abstract: 247 (max 250)
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Introduction
Post-operative cardiac surgery patients require extensive hemodynamic monitoring for
potential life-threatening complications, pericardial tamponade being one of them. Postoperative
pericardial tamponade requires expedient diagnosis and management to prevent unfavorable
outcomes. The typical signs of pericardial tamponade are hypotension, low cardiac output,
elevated filling pressure, and equalization of right-sided cardiac pressures on hemodynamics
monitoring. If a patient develops obvious sings of tamponade after cardiac surgery, they need to
undergo an emergent mediastinal exploration without any further imaging study. Any delay in reexploration can lead into fatal and non-fatal complications. 1, 2 However, the diagnosis of
pericardial tamponade is not always easy and sometimes requires additional imaging studies.
Emergent explorations without definitive diagnosis may increase the number of negative
explorations and increase the utilization of hospital resources substantially. Moreover, reexploration of the sternum, even if negative, increases mortality, morbidity and length of stay. 3
Thus, it is important to have a clear indication of when surgical exploration is necessary and when
not.
The standard imaging study to diagnose pericardial tamponade is transesophageal
echocardiography (TEE), which provides comprehensive information about the pericardial space,
ventricular volume and function. TEE requires equipment and qualified personnel to perform the
study; thus it often limits the use of TEE in an intensive care unit (ICU) especially during offhours and emergent situations. Transthoracic echocardiography may be more easily accessible in
the ICU; however it may not be able to provide enough information to diagnose pericardial
tamponade due to body habitus, surgical tubes, edema from surgery, and/or mechanical
ventilation.
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Recently, FDA approved a disposable miniaturized (proｂe size 5.5 mm diameter)
hemodynamic transesophageal echocardiography (hTEE, Imacor, Garden City, NY). This device
has been used for the management of critically ill patients in ICU. Trained intensivists can insert
and interpret hTEE finding for clinical decision-making. This probe provides focused
information of the cardiac filling and ventricular functions, 4 which might be adequate to diagnose
pericardial tamponade. In this study, we investigated the feasibility of the diagnosis of the
pericardial tamponade by hTEE among early post-cardiac surgery patients.
Methods
From May 2011 through July 2013, a total of 584 patients were admitted to our surgical
ICU after cardiac surgery (270 isolated coronary artery bypass graft [CABG], 52 CABG with
valve combined, 174 valve, 23 heart transplant, 29 ventricular assist device placement, 36 other
cardiac procedures). HTEE probe was used for hemodynamic monitoring in addition to the
conventional Swan-Ganz monitoring in high-risk patients. The hTEE was performed under mild
sedation routinely after cardiac surgery without additional sedation or paralysis while the patients
were still intubated. The hTEE images were performed and read by the trained intensivists
without consulting cardiology or radiology. Their training included didactic lectures, mannequin
training and hands-on experience with patients with trained personnel. The probe was removed
after each study unless continuous monitoring was required. The diagnoses were made based on
the image results with other hemodynamic data and appropriate intervention was initiated at the
time of the hTEE.
Institutional Review Board approved retrospective study of hTEE imaging. The images
stored in the console were retrieved and medical records were reviewed to identify the hTEE
studies performed to rule out early pericardial tamponade within 72 hours after surgery. The
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patient demographics and hemodynamic parameters were also obtained from the medical record.
During the study period, hTEE imaging was performed on 129 patients for various indications.
Out of the 129 patients, 21 patients underwent hTEE to rule out pericardial tamponade with a high
clinical suspicion of early postoperative tamponade, which included unexplained hypotension,
elevated filling pressures, and low cardiac output.
Positive tamponade finding was defined as the presence of a pericardial collection
(effusion or hematoma) compressing the ventricle. Negative finding was defined as no pericardial
collection. If there was a pericardial collection but no ventricular compression, the case was
individually evaluated by the intensivists and surgical team.
The patients who had hTEE done to rule out pericardial tamponade were divided into two
groups: with or without tamponade based on hTEE. Cardiac parameters and chest tube output 4
hours prior to hTEE study were compared between the two groups. The end-point of this study
was surgical exploration performed during the same admission period from the primary surgery.
In addition to that, the hospital survivals in these patients who were suspected for tamponade was
studied. Statistical comparisons between the two groups were performed using chi-square test or
Fisher exact test for categorical variables, and student t-test for continuous variables. P-values
less than 0.05 were considered to be significant.
Results
The hTEE examinations were performed in 21 patients to rule out the clinical suspicion of
pericardial tamponade. The trigger event for performing hTEE was hemodynamic instability (low
cardiac output, elevated central venous pressure, and hypotension) without appropriate
explanation in 18 patients and unexplained high chest tube output in 3 patients. The
demographics of these patients were 17 males and 4 females, with a mean age of 61 years ± 15
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years (Table 1). The primary surgical procedures were coronary artery bypass or/and valve (n=9),
heart transplant (n=3), type A dissection (n=6), ventricular assist device placement (n=2) and
ventricular septal defect repair (n=1).
In 9 patients (43%), hTEE was negative for pericardial effusion and diagnosis of
tamponade was ruled out. These patients were further worked up for others entities on the
differential diagnosis such as hypovolemia (n=5), right ventricular failure (n=2), and biventricular
failure (n=2). All patients were medically managed and no patient was taken to the operating
room for re-exploration.
10 patients (48%) were positive for pericardial tamponade (hematoma or effusion
compressing the ventricle) based on hTEE imaging. These findings were discussed with the
surgical team for consideration of surgical re-exploration. Among these 10 patients, 8 patients
were immediately taken for surgical exploration and all 8 patients had positive exploration
(pericardial tamponade). The other 2 positive patients were not taken for immediate operative
intervention, but were rather managed medically. The first patient showed a large pericardial
effusion with right ventricular compression, which was successfully drained by manipulation of
the chest tubes. Continuous monitoring by hTEE on this patient after the manipulation of chest
tubes was found to have no residual pericardial collection. The second patient with a positive
hTEE study clearly demonstrated a tamponade, but was not explored initially because of the
underlying extensive coagulopathy and the surgeon’s preference. A repeat hTEE study was
performed on the same patient a few hours later that showed tamponade; this prompted was
surgical exploration. No patients required conventional TEE to confirm the diagnosis of
pericardial tamponade before the exploration, although conventional TEE was performed by the
anesthesiologist during the re-exploration in all patients.
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The remaining 2 patients showed a small hematoma or effusion without ventricular
compression. These patients were medically managed and followed by serial hTEE. The repeat
studies showed no increase in the size of the hematoma and preserved ventricular function.
Thus, they did not require any surgical exploration.
During this study period, an additional 5 postoperative pericardial tamponade cases
underwent surgical exploration without any hTEE or other imaging modalities. These 5 patients
were diagnosed with pericardial tamponade shortly after arrival to the ICU based on the chest
tube drainage and hemodynamics.
The hemodynamics data and chest tube output of the patients at the time of hTEE are
shown in Table 2. There were no significant differences in terms of cardiac parameters and chest
tube drainage between 2 groups. There was no hospital mortality in tamponade group and 2
deaths in the non-tamponade group. These postoperative mortalities were due to biventricular
failure after heart transplantation (1) and stroke (1).
Discussion
Early postoperative pericardial tamponade after cardiac surgery requires prompt diagnosis
and management. Untreated pericardial collection after cardiac surgery may quickly progress to
unstable hemodynamics, cardiogenic shock and subsequent death. 5 The incidence of the
pericardial tamponade varies from 0.2% after coronary artery bypass grafting to 8.4% after heart
transplants. 6 The concern of developing post-surgical pericardial tamponade has been increasing
in patients especially those on a new generation of antiplatelet agents and/or anticoagulants.7
For post-cardiotomy patients, conventional TEE serves as an imaging standard to confirm
the diagnosis of tamponade. A TEE provides comprehensive information about the ventricular
filling, function, valvular function, and pericardial space issues. 8 Conventional TEE has been
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used intra-operatively during cardiac procedures and its real time images are used for weaning
from cardiopulmonary bypass, adjustment of inotropes, and evaluation of the valve and
ventricular functions in the operating room. However, in the ICU, the availability of conventional
TEE has certain limitations due to availability of equipment, time, and qualified personnel. 9
Although TEE is usually kept indwelled during cardiac surgery to monitor cardiac function for
several hours, continuous TEE in ICU is not practical. Thus, a conventional TEE study in the
ICU only offers a single “snapshot” at the time of study.
The hTEE consists of a slender probe almost the size of a nasogastric tube. Each probe is
disposable and costs roughly $1250. The placement of the hTEE probe does not require
excessive anesthesia and the probe can be kept indwelling for maximum of 72 hours. The real
time images help the intensivist make a decision and also allow the intensivist to assess the
response to the treatment/interventions made.
In our retrospective review of hTEE images over the past 2 years in post-cardiac surgery
patients, found that the diagnosis of early postcardiotomy pericardial tamponade provided by
hTEE in conjunction with clinical findings was accurate. Those who were diagnosed with
tamponade by hTEE had positive exploration and none had a negative exploration. Patients who
were ruled out for tamponade by hTEE did not undergo any surgical explorations. In these
patients, once other diagnoses were made by hTEE, treatment was initiated based on the findings.
This study was limited due to the nature of the retrospective study and the data on the
patients who underwent hTEE with suspicion of tamponade. Hemodynamic data may not reflect
cardiogenic shock due to the minute-by-minute titration of the inotropes and vasopressor
medications. More prospective studies in the future will help us determine whether this probe can
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be used as a part of a guideline to diagnose pericardial tamponade in this patient population with
both sensitivity and specificity.
In conclusion, our retrospective study showed that the miniaturized hTEE probe is an
efficient tool that can allow us to diagnose early pericardial tamponade in post-cardiotomy
patients in timely fashion in conjunction with conventional monitoring. With hTEE, which is
available in the intensive care unit and performed by intensivists, we may reduce resource
utilization.
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Table 1: Summary of results
Number of patients
Mean age ± standard deviation
Sex
Primary surgery

Trigger event
Pericardial diagnosis by hTEE

21
61 ± 14.5 years
Male = 17, Female = 4
Coronary bypass / valve = 9
Heart transplant = 3
Type A dissection = 6
Ventricular assist device = 2
Others = 1
Hemodynamic instability, shock = 18
Unexplainable high chest tube drainage = 3
Tamponade = 10
8 went to surgery immediately.
1 went to surgery after medical management for
coagulopathy.
1 was managed by chest tube manipulation
Effusion without compression = 2 (all medically managed)
Negative = 9 (all patients did not require surgery)
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Table 2: Hemodynamic parameters at the time of hTEE. Data were expressed mean ± standard
deviation or number with percentage.
Diagnosis by hTEE
Number of patients
Number of inotropes and pressors *
Mean systemic blood pressure (mm Hg)
Pulmonary artery systolic pressure (mm Hg)
Pulmonary artery diastolic pressure (mm Hg)
Central venous pressure (mm Hg)
Cardiac index (L/min/m2)
Chest tube drainage 4hrs prior study (ml)
Surgical exploration
Survival to discharge

Tamponade
10 (48%)
3.7 ± 1.2
66 ± 7
36 ± 6
19 ± 5
12 ± 4
2.1 ± 0.4
426 ± 74
*** 9 (90%)
10 (100%)

No tamponade
** 11 (52%)
3.4 ± 1.2
73 ± 15
34 ± 7
18 ± 8
13 ± 5
2.2 ± 0.4
380 ± 515
0
9 (82%)

P-value
.559
.181
.489
.723
.617
.574
.772
<0.00001
.156

* Number of inotropes (epinephrine, milrinone, dobutamine), and pressors (phenylephrine,
vasopressin, norepinephrine) was counted regardless the amount given to the patient due to rapid
titration. ** No tamponade group includes 2 patients who had pericardial effusion without
compression of the ventricle. *** One patient with pericardial effusion was successfully treated
with chest tube management without surgical exploration.
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